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(54) Magnetic actuators 

(57) Actuator (10), particularly for motor vehicle 
powered door locking systems, utilises a solenoid (12) 
exemplified in Figure 1 whose poles coact with poles of 
permanent magnets (16,18). Relative movement be- 
tween the solenoid and magnets shifts a plunger (14) or 
lever to provide drive output. The solenoid is switched 
to give magnetic polarity at a solenoid pole coacting with 
a first permanent magnet pole (16a) unlike opposite to 
the polarity of the latter to provide an attractive force, 



while at the same time making the polarity of another 
solenoid pole which coacts with a second pemnanent 
magnet pole (18a) of like polarity to the latter to provide 
a repulsive force in the same direction. The plunger or 
the like is returned by reversing the current direction in 
the solenoid, driving the magnets in the opposite direc- 
tion. A latching action holding the element at the select- 
ed position even when the solenoid is de-energised is 
provided by the engaged permanent magnet pole. 
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Description 

This invention relates to actuators, useful primarily 
but not exclusively in locking systems of motor vehicles. 
The actuator causes locking or unlocking (for example) 
by powered displacement of a component. The dis- 
placement may be rectilinear, but this can be converted 
into rotary motion. The displacement may be rotary or 
an angular movement of a component equivalent to 
movement of a part through part of a revolution about 
an axis, and such motions may be converted to rectilin- 
ear motion. 

The invention is particularly applicable to the actu- 
ation of locking assemblies of vehicle doors and other 
closures such as boot lids, bonnets and petrol flaps for 
their remote operation as part of a central door locking 
(CDL) system of the vehicle in known manner. 

Most power actuators in common use for vehicle 
locking and unlocking utilise miniature electric motors 
driving a gear train, rack and pinion arrangement, or 
screw threaded motion converter but these mecha- 
nisms are of complex constaictran requiring numerous 
preclsksn components; occupy substantial space partic- 
ularly as they have to be provided with housings to retain 
lubrication and protect them from dirt and moisture; are 
liable to wear and are not always durable; and may be 
unacceptably noisy in operation. 

The object of the invention Is to provkle a power ac- 
tuator of particularly simple, durable and compact con- 
struction requiring few moving parts and which is relia- 
ble, efficient and adaptable. 

The invention provides an actuator and/or a vehicle 
locking assembly as defined by some one or more of 
the appended claims. 

Examples of the invention are now more particularly 
described with reference to the accompanying draw- 
ings, wherein: 

Figure 1 is a diagrammatic longitudinal section of a 
first fomfi of actuator. 

Figure 2 is a perspective view of a vehicle door tock- 
ing assembly incorporating said actuator, 
Figure 3 is a side view of said assembly in a locked 
condition, 

Figure 4 is a like view thereof in unlocked condition. 
Figure 5 is a diagrammatte sectfonal view of a sec- 
ond form of actuator. 

Figure 6 is a perspective view of a locking assembly 
incorporating said second form, 
Figure 7 is a diagrammatic elevation of a third form 
of actuator, and 

Figure 8 is a perspective view of a locking assembly 
incorporating a modification said third form. 

Referring to Figure 1 , an actuator 1 0 includes a sin- 
gle solenoid 12 having coil windings 13 arranged in cy- 
lindrical shape about a hollow axis providing two poles 
12a, 12b at its opposite ends. A substantially nonmag- 



netic rod 14 extends along that axis through the sole- 
noid. Rod 14 is longer than solenoid 12 and is free to 
OKJve axialty therein. It carries permanent magnets 16, 
18 of disc form at each end. The two permanent mag- 

5 nets are arranged in magnetic opposition, that is to say 
their north poles 16a, 18a face each other and their 
south poles 16b, 18b are renrK>te from one another Al- 
ternatively the south poles face each other and the north 
poles are remote. When solenoid 12 is energised, the 

10 flux path has north magnetic polarity at one end of wind- 
ings 13 and south polarity at the other end. One perma- 
nent magnet will be attracted by the adjacent flux of op- 
posite polarity and the other repelled by the adjacent 
flux of like polarity. Consequently rod 14 will be forcibly 

15 axially displaced. Reversal of the electromagnetic field, 
by reversing the electrical connections to windings 13 
as by suitable switch means (not shown) will reverse the 
electromagnetic field, and drive rod 14 In the opposite 
direction. 

^ The stroke, i.e. drive distance will be dependant on 
the spacing between the like magnetic faces of magnets 
16. 18 as compared to the total axial length of solenoid 
12. 

A number of factors affect the concentration and 
25 shaping of the electromagnetic field, as will be well un- 
derstood by those skilled in the art of solenoid design. 
In partk:ular, the solenoid may be cased or framed in a 
soft steel outer tube 1 9 which will tend to confine the flux 
in the radial direction. 
30 Preferably the solenoid has a soft steel tubular core 
20 extending from end-to-end, to like effect, and the end 
faces of this liner core and of tube 1 9 will act as keepers 
for one or other of magnets 16, 18, that is to say hold 
the actuator in one or other position against movement, 
35 at times when there is no energising current in windings 
1 3 and little or no residual electromagnetic field in sole- 
noid 12. 

Preferably also the permanent magnets have soft 
steel casings 22, 24 covering all except the faces adja- 
40 cent the solenoid. They will channel the flux appropri- 
ately. 

it will be appreciated that actuator 10 has a bistable 
latching property. Not only is rod 14 displaced, i.e. ac- 
tuated when current is supplied in the appropriate 
4S switched direction, but actuator 10 remains latched in 
the switched position even when solenoid 12 is not en- 
ergised until reverse current is applied, and then it dis- 
places and again remains latched in the new position, 
and so on. 

50 The value of the applied current requires to be de- 
pendant upon the characteristics of actuator 10 itself, 
and also of the associated door latch or other mecha- 
nism which is to be powered by the actuator. 

An example of a door locking assembly 30 so pow- 

55 ered Is shown in Figures 2-4, forming part of a CDL sys- 
tem of a vehicle. Actuator 10 is mounted on a body 32 
of the assembly with an extension of rod 14 pivotally 
connected to an arm of a CDL k)cking lever 34. Appll- 
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cation of current of appropriate polarity to the solenoid 
of actuator 1 0 under the control of a central logic module 
of the system in known manner will shift lever 34 be- 
tween a bcked condition (Figure 3) and an unlocked 
condition (Figure 4). The above latching property en- 5 
sures that the mechanism is retained in the selected 
condition without further power requirement until a sub- 
sequent operation. 

In this first version, it is the adjacent faces of the 
permanent magnets 16, 18 which are effective. io 

For some purposes, it may be preferred to provide 
more than one solenoid and these could act in either a 
series or a parallel arrangement, possibly with extra per- 
manent magnets. This may have advantages in ena- 
bling a physically different shape to be used, as appro- is 
priate to enable the actuator to be fitted into confined 
dimensions or a space of awkward contour as in or on 
a vehicle latch or k)ck assembly, and in providing extra 
power and/or latching security. 

In the second form of actuator 40 shown in Figure 20 
5 a pair of colls 42, 44 is wound around the respective 
limbs 46, 48 of a U shaped core 50 (one coil on each 
limb) and with the limbs extending beyond the coils at 
their free ends. The windings/switchings are such that 
said free end of one limb of the U is of one polarity when 2s 
the electromotive field exists as a result of the electrical 
energisation, and the free end of the other limb is of op- 
posite polarity. Two permanent magnets 52, 54 located 
with like poles adjacent lie between the free ends of 
limbs 46, 48 and are attracted/repelled between limbs 30 
46, 48 according to the energisation, and remain latched 
by the pemianent nnagnetism when the coils are de-en- 
ergised. Again this provides bistable latching. Magnets 
52, 54 are arranged on opposite faces of a lever 56 piv- 
oted on a fulcrum 58 in the bridge of the U shape, the 3S 
free arm 60 of the lever opposite to the magnets being 
used to provide the required drive output of the actuator. 
As will be plain to the man in the art, different required 
displacement strokes can be provided by adjustment of 
the ratio of dimensions between the fulcrum and the 40 
ends of the lever, for any one value of actual magnetic 
movement, although different magnetic displacement Is 
also possible to give different actuation effects. 

Actuator 40 may be incorporated intoa CDL system 
locking assembly 62 as in Figure 6, the actuator forming 4S 
an end part of the generally rectangular assembly con- 
veniently contained in a common housing 64 to form a 
compact unit. The arm 60 coacls with the locking mech- 
anism to effect remotely controlled locking and unlock- 
ing of the assembly, and/or superlocking thereof for add- so 
ed security of the associated door or other closure by 
disabling manual mechanical release of the lock from 
both the inside and outside of the vehicle in known man- 
ner. 

A third form of actuator 70 (Figures 7 and 8) also ss 
provides angular movement of a component carrying 
permanent magnets. A member 72 (Figure 7) extending 
only radially of a fulcrum axis 74 (instead of diametrically 



as in the second described version) Is fast with a spindle 
76 extending along that axis. The spindle is then part- 
rotated by movement of a pair of magnets 78, 80 mount- 
ed on the distal end of member 72 with like poles adja- 
cent as in the second example. 

In this version a single coil 82 Is arranged as a 
wound part-toroid extending over the major part of the 
periphery of C-shaped ferrite or similar core 84, e.g. hav- 
ing a diameter of 50mm, the opposite ends of the core 
winding provkling areas of opposite polarity at the core 
end faces when the winding is energised. Magnets 78. 
60 lie within the gap between the core ends. This design 
can be particularly compact in one dimension, and again 
provides bistable latching. In Figure 7 the spindle 76 is 
centred within the core. 

In the arrangement shown in Figure 8 the spindle 
76a is spaced outside the core 84 to give more direct 
drive input to locking mechanism of a CDL system lock- 
ing assembly 62a of the same type as shown in Figure 
6, with member 72a extending into the core gap and car- 
rying the magnets 78, 80 on its distal end as above. 

(t will be appreciated that the invention also contem- 
plates arrangements in which a single permanent mag- 
net, for example a horse-shoe magnet, or a pair of mag- 
nets with opposite poles adjacent, co-acts with a sole- 
noid having oppositely handed coil winding sections giv- 
ing like magnetic polarity at its opposite ends, which po- 
larity is reversed by switching the current to provide rel- 
ative movement between the solenoid and magnet or 
magnets. 

It Is also contemplated that in some constructions 
the solenoid might be displaceable to provide the drive 
output with the magnets in fixed relationship thereto, or 
both the magnets and the solenoid might be displacea- 
ble in opposite directions to provkie drive in the manner 
of a push-pull linkage. 



Claims 

1 . An electrically powered actuator (1 0) for selectively 
driving a movable element (14) to and fro between 
first and second positbns characterized in that the 
actuator comprises: 

(a) solenoid means (12) having two first poles 
(12a, 12b) and coil windings (13) for operative 
connection to switching means whereby the di- 
rection of current flow in the windings can be 
selected to determine the polarity of magnetic 
flux at said two first poles; 

(b) permanent magnet means (16, 1 8) having a 
respective second pole (16a, 18a) positioned 
in co-acting relationship to each said first poles; 

the solenoid means and the permanent magnet 
means being mounted for relative movement drlv- 
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ing said movable element, one of the first poles 
abutting or being brought into close proximity to one 
of the second poles at the first position but being 
spaced from each other with the other of the first 
poles abutting or being brought into close proximity ^ 
to the other of the second poles at the second po- 
sition; whereby application of current to the coil 
windings causes one first pole formation to have un- 
like polarity to its co-acting second pole formation 
to provide an attractive magnetic force in a first di- 10 
rection and another first pole formation to have like 
polarity to its co-acting second pole formation to 
provide a repulsive magnetic force in the same first 
direction urging the movable element to the first po- 
sition, and application of current to said windings in i5 
the opposite direction causes reversal of polarity of 
the first pole formations urging the movable element 
to the second position. 

2. An actuator as in Claim 2 characterized in that the 20 
permanent magnet means comprises a pair of per- 
manent magnets (16, 18) physrcally connected to- 
gether with one pole (1 6a, 1 6a) of each magnet con- 
stituting said second poles and the magnets moving 

as a pair within the electro-magnetic field of the so- 25 
lenoid means (12) to drive the movable element 
(14). 

3. An actuator as in Claim 2 characterized in that the 
solenoid means (12) has coil windings (13) ar- 30 
ranged to cause magnetic flux at the two first poles 
(12a, 12b) of opposite polarity to each other, the 
said one poles (1 6a, 18a) of the permanent magnet 
means (16, 18) having the same magnetic polarity 

as each other. 3S 



(1 9) of soft steel functioning as a keeper to enhance 
the latching effect of the permanent magnet means 
retaining the movable element (14) at the selected 
positions even when the coil windings (13) are not 
energized. 

7. An actuator as in any preceding claim characterized 
in that parts of the permanent magnet means other 
than the second poles have soft steel casings (22, 
24). 

8. A vehk:le door locking assembly (30) characterized 
in that it includes an actuator (10) as in any preced- 
ing claim. 

9. An assembly as in Claim 8 characterized in that it 
is operatively connected as part of a central door 
locking system of the vehicle, and in that the actu- 
ator (10) operates a central door k)cklng lever (34) 
of the assembly. 

1 0. A vehicle central door kx;king system characterized 
in that it includes a locking assembly (30) as in 
Claim 8 or 9. 

11. A vehicle characterized in that it includes a door 
locking assembly or a central door locking system 
as in claim 7,8, 9 or 10. 



4. An actuator as in Claim 2 or 3 characterized in that 
the solenoid means (12) is cylindrtoal with the first 
poles (12a, 12b) at its opposite ends, and the per- 
manent magnets (16, 18) are linked with their re- 40 
spective second poles (16a, 18a) facing each other 

in co-acting relationship to the solenoid poles. 

5. An actuator as in Claim 2 or 3 characterized in that 
the movable element (56:72:72a) is pivoted for an- 45 
gular displacement between the first and second 
positions and the permanent magnets (52,54: 
78,80) are mounted on opposite sides of said ele- 
ment so that the second poles face away from each 
other; and In that the solenoid has a U-shaped or so 
part-toroidal core (50;B4) with one or more coil 
windings (42,44;82) thereon providing first poles 
defining a gap within which the permanent magnets 
move between the first and second positions. 

55 

6. An actuator as in any preceding claim wherein the 
coil windings (13) of the solenoid means (12) have 
a core (20) of soft steel and/or a casing or frame 
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